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Regional Economic shifts in Kerala’s Agricultural Landscape 
ABSTRACTIncome dynamics of different districts of Kerala has been studied using per capita income derived from the agricultural sector by markov chain analysis. Transition probability and steady states have shown high level of income dynamics for majority of districts. Most of the districts have shown a high retention probability in high and low-income states. The districts Palakkad and Kollam exhibited high instability in high-income states. The steady state probabilities revealed a polarising nature of agricultural income towards the low-income category for many districts. The convergence of the agricultural income across the districts has been analyzed using unit root tests (Phillips-Perron test) for pairwise differences of income across the districts, illustrated that the majority of the districts have converged in pairs to establish a similar nature of income dynamics over time. The income dynamics of the districts have shown an inclusive growth pattern in agricultural income of Kerala. While the income of Wayanad has shown a divergence with all other districts, Idukki has shown a divergence nature with all districts except Thrissur district. The Phillips-Perron (PP) test of the districts with the state average exhibited convergence of income with all the districts except for Ernakulam, Wayanad, and Idukki districts. These findings can assist policymakers to formulate agricultural development plans specific to a given region in order to reduce income inequality and foster balanced growth across the districts of Kerala.
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1. INTRODUCTION
	Agriculture plays a significant role in the process of development and it helps the country to transform significantly, particularly in terms of economic growth, poverty reduction, food security, and social development. Agriculture is the fundamental sector for the economy to achieve the Sustainable Development Goals (SDG) addressing the challenges of poverty, hunger and good health and well-being of the society. Agricultural sector plays a crucial role in the economy of Kerala as it contributes for the cultural and socio-economic fabric of the state and ensures food security of Kerala (Kannan,2011). The sector contributes nearly 9-10 % of Gross State Value Added (GSVA) to Kerala’s economy (Kerala State Planning Board, 2023), plays a significant role in the process of development in terms of employment generation, primary source of livelihood for rural population, food security, supply of raw materials and imparts sustainability to the rural economy of the state.
	However, the sector has undergone significant structural changes in the form of decline in share of Gross State Domestic Product indicating a shift from the agrarian economy, reflecting the changes in policy and socio-economic transitions of the society (Chand et al., 2017). The diverse agro-climatic and soil features of the State enable the cultivation of both cash crops and food crops. However, the state’s agriculture has been emphasized more on cash crops like rubber, coconut, spices, and tea (Kumar et al., 2021), as the contribution from these crops are substantially higher to agricultural income of the state. The dependence on cash crops made the sector vulnerable to price instability (Sabu & Kumar, 2020) due to the global market fluctuations. Kerala has witnessed drastic reduction in the area of food crops, and the revenue generated from commercial crops and non-agricultural sector utilised for food demands in the state (Shinoj Parappurathu,2015).  Land fragmentation, and the increasing cost of agricultural inputs have further hassled the sector and thereby the agricultural economy of the state.As the size of land holdings in agriculture decline significantly, state has to concentrate on advanced production and profitability measure to attain the SDG targets and sustainability in agriculture (Kerala State Planning Board, 2020). 
	The cropping pattern of the state has been analysed through many studies ( Kumar, 2005;Karunakaran, 2014;  Harilal & Eswaran, 2016) and revealed the deceleration of growth in area and production of most of the crops(Viswanathan,2014). Agricultural economy is highly dependent on several factors like natural resources, climate, agricultural productivity, labour, technology adoption etc. Regional disparity in economy occurs due to varied distribution of these factors across regions. The shift in the cropping pattern has affected the economy of the state due to the regional imbalances in the area under crops and thereby the productivity and income of the state.   
	The dynamics of regional economies have been studied using concept of economic convergence, where economies of different regions converge to similar state in terms of income and wealth. The studies made by Barro (1991), Barro and Sala-i-Martin (1992, 1995), and Sala-i-Martin (1996) used beta convergence (β-convergence) and sigma convergence (σ-convergence) (Ghosh, 2006) to access the speed of convergence. The decline of regional inequality in in income over time expresses the sigma convergence (Allington and McCombie, 2007; Capello and Nijkamp, 2009) and can tested by using the variation in income of two different periods (Furceri, 2005; Young et al., 2008) when there is only two time periods, whereas regression techniques used for the purpose (Goecke & Huther, 2016; Huang and Leung, 2009) in time series data. Several studies (Yao & Zhang, 2001; Holmes et al., 2013) have made the use of unit root tests and cointegration tests (Alvi & Rahman, 2005), to test for the hypothesis of stochastic convergence and stability of income across regions. The provincial convergence. 
	Even though many studies have been made on income dynamics and convergence patterns of income for agriculture in India, none of the studies has addressed the regional dynamics of income in agricultural sector across the districts of Kerala. This paper examines the dynamics and the moving pattern of income derived from agricultural sector for the districts of Kerala.

2. MATERIALS AND METHODS
[bookmark: _Hlk197871924]	District level data pertaining to population and net district domestic product (NDDP) on agricultural sector for the period 1986 to 2022 were collected from the Department of Economics and Statistics, Govt. of Kerala. The collected NDDP values on different base years were converted and rebased to single base year using the conversion factor(k) derived from the overlapping values of different base years as
					

 	where, B2 and B1 are the values of agricultural NDDP for the previous and current base years, respectively. Then rebased NDDP values were converted to per capita agricultural income by dividing with the population values. The per capita agricultural income was categorised into three groups, namely high income (H), medium income(M) and low income (L) groups based on mean ± Standard deviation of the derived data.
	Gini coefficient has been calculated to access the agricultural income inequality across the districts. Mathematically,
where  are income of ith and jth districts, n is the total number of districts.
A value of  close to 1 indicates a high inequality whereas the coefficient zero is the indication of absolute equality.
Markov chain analysis has been performed to study the transition of agricultural income for different districts. Markov chain is a stochastic model that explains a process that undergoes transitions between different states in such a way that future depends only on the current state, not on any of the previous states.
Mathematically,
) ,            
for all t=0,1, 2, and for all the states , where 
  	, is the transition probability from the state i to state j at a single step, and
 is the probability of transitioning from state i to state j after k steps. The steady state is attained when π=πP, where P is the transition probability matrix (TPM) and π is the steady state vector, the probability distribution over the states that remains unchanged as the system evolves. 
Unit root test is used to test the stability of per capita agricultural income of various districts, taking differences of per capita income derived from agricultural sector of different districts and state average. Phillips-Perron (PP) test is used to determine whether a time series has a unit root or not, by adjusting serial correlation and heteroscedasticity (Del Barrio Castro et al., 2015). The test regression in the PP test is

Where,  is a constant,  accounts for trend, γ is the unit root parameter, and  is the error term. The null hypothesis (H0), the series is non-stationary (which suggests the regional disparity persists over time) is tested against the alternative (H1), the series is stationary (which indicates that regional disparity is likely to revert on long run). 


3. RESULT AND DISCUSSION

[bookmark: _Hlk197873900][bookmark: _Hlk197872199]	The per capita income derived from agricultural sector across the different districts of Kerala has been considered for the period 1986-2022, for the purpose of the study. The study shows that wide fluctuation was observed in the income across the districts. To understand the income dynamics, Gini coefficient is calculated for different years (Table.1). It is evident from the table that the inequality in agricultural income exists across the districts. The Gini coefficient for different years has shown an increasing trend from 0.178 in 1985 to 0.263 in 2022, which indicates that inequality has increased across the districts over the years. 
[bookmark: _Hlk197873922]Table.1 Gini coefficient
	Year
	1985
	1995
	2005
	2015
	2022

	Gini
	0.178
	0.198
	0.238
	0.262
	0.263



	This rapid increase in inequality has been depicted in the Lorenz Curve in Fig. 1. It clearly indicates a departure from the renowned development strategy of Kerala, which focuses on equity, social welfare, and inclusive growth across regions (Sreeraj & Vakulabharanam, 2015). 
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[bookmark: _Hlk197874055]Fig.1 Lorenz curve of agricultural income for different years
[bookmark: _Hlk197874097]	
	Markov chain analysis has been performed to assess the dynamics of the district’s agricultural income over years.  The probabilities of transition between the states and steady state for three states, namely, High (H), Medium (M) and Low (L) of income for each districts of Kerala are depicted in Table2. It is evident from the table that, for most of the districts, the value of diagonal elements in the transition probability matrix (TPM) are very high which indicates that the probability of those districts to continue in the same state of agricultural income is very high.
 	It can be said from the table that, all the districts except the districts Palakkad (0.38) and Kollam (0.44) have shown a high transition probability for retaining their status in the high-income state. It is also evident from the table that the highest stability in high income category was observed in Ernakulam (0.83) district, followed by the districts Thrissur (0.82), Alappuzha (0.81) and Malappuram (0.81). This indicates that once the districts reach in high income state, there is a strong likelihood that the district will remain in high income category in short run.  The instability of Kollam and Palakkad might be due to the fact that price instability and volatility in the crops like rubber and coconut (K. N. Harilal & Dhanya, 2015), where major share of agricultural area in both the districts are occupied by these two crops.
	The districts Ernakulam (0.85) and Thrissur (0.83) are shown higher persistency in the medium income category, whereas the districts Palakkad (0.4) and Thiruvananthapuram (0.4) have shown frequent transition resulting the instability. The low-income category has shown highest stability in majority of the districts with high probability in TPM, especially in districts like Malappuram (1.00) and Idukki (0.88), where the upward movement is very minimal which indicates structural challenges in the improvement. It is also to be noted that the lowest retention probability for low income levels have been expressed by the district Thrissur (0.38) followed by Palakkad (0.56). This is the indication that these districts are highly unstable in the low-income category and have potential for upward mobility. The district Palakkad has shown a structural change in cropping pattern with a decline in the area and production of rice and   an increase in the area under coconut (Johnson, 2018), which might have contributed to the low retention probability of the district in the low-income state. The area sown more than once has declined in Thrissur and an increase the share of fallow land might have made the district vulnerable in income generation from agricultural land.
	The steady state probabilities express the long-term stationary distribution of the districts across the income states, if the districts continue operating under same transition. It is evident that the districts Malappuram, Alappuzha, Thiruvananthapuram and Wayanad have shown highest probability of being in lower income category, which indicates the polarization of agricultural income towards the lower income group. This might bring significant challenges in the upward movement of districts in the long run, even though the high-income category is moderately stable in these districts. The district Malappuram has been shown 100 % shift towards the lower income category, if the system operates under the present condition. This signifies the need of targeted policy intervention to bring these districts to moderate and higher-level-income category.
[bookmark: _Hlk197874234]	The aggregate transition considering Kerala is seen to be 85 % stability in low income states whereas high income state has shown a stability of 75 %. The moderate movement has been exhibited in medium income state. This is the indication of a dual economic nature in the state where the lower income state faces the movement barriers in moving towards a better state. The table shows that the medium income state has 17 % chance of shifting to low income state in the short run. The long-term picture of income distribution depicted in the steady state has displayed 35 % of chance of being in low income state over time and is more than the likelihood of 32% of being either in high- or medium-income state. The greater tendency of the districts such as Malappuram, Alappuzha, Thiruvananthapuram, Kannur and Wayanad, along with the state as a whole to remain in the low-income category need to be addressed and area-based targeted intervention has to be taken to uplift the state to a better developed structure in agricultural sector.

[bookmark: _Hlk197874391]
Table 2. Markov chain analysis of agricultural income of different districts of Kerala
	District
	Transition Probability
	Steady State

	Alappuzha
	
	H
	M
	L
	H
	M
	L

	
	H
	0.81
	0.19
	0
	0.33
	0.2
	0.48

	
	M
	0.13
	0.5
	0.38
	
	
	

	
	L
	0.08
	0.08
	0.85
	
	
	

	Ernakulam
	H
	0.83
	0
	0.17
	0.36
	0.39
	0.24

	
	M
	0.15
	0.85
	0
	
	
	

	
	L
	0
	0.25
	0.75
	
	
	

	Idukki
	H
	0.71
	0.29
	0
	0.54
	0.46
	0

	
	M
	0.33
	0.67
	0
	
	
	

	
	L
	0
	0.13
	0.88
	
	
	

	Kannur
	H
	0.80
	0.2
	0
	0.27
	0.3
	0.43

	
	M
	0.09
	0.45
	0.45
	
	
	

	
	L
	0.06
	0.25
	0.69
	
	
	

	Kasargode
	H
	0.69
	0.15
	0.15
	0.35
	0.32
	0.32

	
	M
	0.25
	0.67
	0.08
	
	
	

	
	L
	0.08
	0.17
	0.75
	
	
	

	Kollam
	H
	0.44
	0.44
	0.11
	0.24
	0.43
	0.32

	
	M
	0.31
	0.63
	0.06
	
	
	

	
	L
	0
	0.17
	0.83
	
	
	

	Kottayam
	H
	0.75
	0.17
	0.08
	0.32
	0.35
	0.32

	
	M
	0.23
	0.62
	0.15
	
	
	

	
	L
	0
	0.25
	0.75
	
	
	

	Kozhikode
	H
	0.75
	0.17
	0.08
	0.26
	0.36
	0.38

	
	M
	0.18
	0.73
	0.09
	
	
	

	
	L
	0
	0.14
	0.86
	
	
	

	Palakkad
	H
	0.38
	0.46
	0.15
	0.35
	0.41
	0.24

	
	M
	0.47
	0.4
	0.13
	
	
	

	
	L
	0.11
	0.33
	0.56
	
	
	

	Pathanamthitta
	H
	0.79
	0.21
	0
	0.52
	0.33
	0.15

	
	M
	0.33
	0.58
	0.08
	
	
	

	
	L
	0
	0.18
	0.82
	
	
	

	Thiruvananthapuram
	H
	0.79
	0.21
	0
	0.32
	0.23
	0.45

	
	M
	0.3
	0.4
	0.3
	
	
	

	
	L
	0
	0.15
	0.85
	
	
	

	Thrissur
	H
	0.82
	0.09
	0.09
	0.26
	0.56
	0.19

	
	M
	0
	0.83
	0.17
	
	
	

	
	L
	0.25
	0.38
	0.38
	
	
	

	Wayanad
	H
	0.80
	0.2
	0
	0.27
	0.32
	0.41

	
	M
	0.17
	0.5
	0.33
	
	
	

	
	L
	0
	0.27
	0.73
	
	
	

	Malappuram
	H
	0.81
	0.13
	0.06
	0
	0
	1

	
	M
	0.38
	0.63
	0
	
	
	

	
	L
	0
	0
	1
	
	
	

	Kerala
	H
	0.75
	0.25
	0
	0.32
	0.33
	0.35

	
	M
	0.25
	0.58
	0.17
	
	
	

	
	L
	0
	0.15
	0.85
	
	
	


[bookmark: _Hlk197874202][bookmark: _Hlk197874171]	
[bookmark: _GoBack]	To investigate the divergence in per capita income across the district pairs Phillips-Perron (PP) unit root tests are performed for the differences in per capita agricultural and presented in Table 3. The unit root results have exhibited that majority of the districts pairs were stationary, that the income differences between them do not exhibit significant trends over time. This suggests that the district pairs are converging towards the same steady state in terms of agricultural income. This comparable income dynamics might be due to the similar structural changes in the cropping pattern of the state, from food crops to high value cash crops across all districts (Johnson, 2018). This indicates the balanced regional agricultural development reducing the income inequalities across the districts which enhances the inclusive growth of the state. 
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	The district Wayanad has shown non-convergence with any of the districts, which indicates that the dynamics of agricultural income pattern in Wayanad is unique. It is also evident that the district Idukki also have shown similar pattern, which is diverging from all district, except with Thrissur district. Wayanad and Idukki are the districts located in high altitude area, concentrated mainly on high value export-oriented crops like coffee, tea, and spices (Murugesan et al., 2024). This cropping pattern might have shaped the district to a unique pattern in the dynamics of agricultural income over the years. The districts Thiruvananthapuram, Kollam Pathanamthitta, Alappuzha, Thrissur, Palakkad, Malappuram, Kozhikode and Kannur have been formed a convergence club, where the pairwise unit root tests are significant among all these districts. This shows that the income dynamics in all these districts follows similar pattern and the disparity in income is stable over time. The interesting paradox is that even though Idukki and Wayanad are hill station districts with comparable cropping pattern, the districts have shown a diverging pattern in terms of agricultural income. This might be due to the land use pattern of the districts where the percentage of forest area and net sown area are much higher in Idukki districts in comparison to Wayanad district, and hence the differential income distribution from agriculture among them.
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 Table3. Unit root test of per capita agricultural income across the districts
	
	TVM
	KLM
	PTA
	ALP
	KTM
	IDK
	EKM
	TSR
	PLK
	MLP
	KKD
	WYD
	KNR
	KSD

	TVM
	
	-19.89
	-22.35
	-20.98
	-6.56
	-11.16
	-13.05
	-50.05
	-31.84
	-26.08
	-25.44
	-13.07
	-21.16
	-17.91

	KLM
	0.04
	
	-40.58
	-31.38
	-21.59
	-14.73
	-23.92
	-43.34
	-47.14
	-18.5
	-19
	-13.9
	-28.14
	-22.71

	PTA
	0.02
	0.01
	
	-17.17
	-10.77
	-13.05
	-34.56
	-34.37
	-24.61
	-24.83
	-16.96
	-11.29
	-30.13
	-24.08

	ALP
	0.03
	0.01
	0.08
	
	-13.12
	-13.9
	-19.63
	-26.57
	-29.15
	-21.66
	-20.82
	-13.31
	-22.96
	-21.05

	KTM
	0.72
	0.02
	0.45
	0.3
	
	-16.08
	-16.87
	-22.81
	-19.27
	-9.46
	-8.84
	-11.12
	-11.74
	-14.18

	IDK
	0.42
	0.19
	0.3
	0.25
	0.11
	
	-13.25
	-23.31
	-15.9
	-12.79
	-13.38
	-15.7
	-12.38
	-17.08

	EKM
	0.3
	0.01
	0.01
	0.04
	0.09
	0.29
	
	-38.52
	-35.68
	-14.32
	-10.57
	-12.53
	-24.14
	-18.61

	TSR
	0.01
	0.01
	0.01
	0.01
	0.02
	0.01
	0.01
	
	-32.95
	-39.31
	-47.78
	-12.71
	-43.04
	-39.68

	PLK
	0.01
	0.01
	0.01
	0.01
	0.04
	0.12
	0.01
	0.01
	
	-45.31
	-28.01
	-14.96
	-34.46
	-33.5

	MLP
	0.01
	0.06
	0.01
	0.02
	0.53
	0.32
	0.22
	0.01
	0.01
	
	-36.7
	-13.88
	-33.97
	-23.15

	KKD
	0.01
	0.05
	0.09
	0.03
	0.57
	0.28
	0.46
	0.01
	0.01
	0.01
	
	-14.96
	-23.32
	-20.51

	WYD
	0.3
	0.25
	0.41
	0.28
	0.42
	0.13
	0.33
	0.32
	0.18
	0.25
	0.18
	
	-13.77
	-16.33

	KNR
	0.02
	0.01
	0.01
	0.02
	0.38
	0.34
	0.01
	0.01
	0.01
	0.01
	0.01
	0.25
	
	-23.62

	KSD
	0.07
	0.02
	0.01
	0.03
	0.23
	0.08
	0.05
	0.01
	0.01
	0.01
	0.03
	0.1
	0.01
	




TVM-Trivandrum	KLM-Kollam	PTA-Pathanamthitta	ALP-Alappuzha	KTM-Kottayam	IDK-Idukki	EKM-Ernakulam	TSR-Thrissur	PLK-Palakkad	MLP-Malappuram	KKD-Kozhikode WYD-Wayanad	KNR-Kannur	KSD-Kasaragod
Upper triangular values- PP statistics
Lower Triangular Values-P-Values
Table4. Unit root test for per capita agricultural income of districts with state average
	Districts
	PP Statistic
	p value

	Trivandrum
	-16.54
	0.09

	Kollam
	-35.17
	0.01

	Pathanamthitta
	-19.69
	0.04

	Alappuzha
	-17.96
	0.07

	Kottayam
	-12.14
	0.36

	Idukki
	-18.94
	0.06

	Ernakulam
	-15.07
	0.17

	Thrissur
	-43.76
	0.01

	Palakkad
	-40.37
	0.01

	Malappuram
	-28.43
	0.01

	Kozhikode
	-16.13
	0.1

	Wayanad
	-15.1
	0.17

	Kannur
	-29.88
	0.01

	Kasaragod
	-23.79
	0.01


	
	The results of unit root test results of differences of per capita agricultural income of different districts with state average are shown in Table 4. It is evident from the table that seven districts, namely, Kollam, Pathanamthitta, Thrissur, Palakkad, Malappuram, Kannur and Kasaragod have expressed a converging pattern to state average, whereas the districts Thiruvananthapuram, Alappuzha, Kottayam, Idukki, Ernakulam, and Wayanad have shown a diverging pattern from state average. This is due to the difference in convergence level across districts of the state, and hence the instability of agricultural income across districts. The varying structural changes in cropping pattern and crop diversification (Mathew et al., 2024) across the districts and instability in crop production and price volatility might have contributed to differential income levels among districts.

4. CONCLUSION
	The inequality in agricultural income across the districts have been shown an increasing trend over the years, which is a threat to the inclusive growth of the state. Transition probability matrix shows the transition of income dynamics from one state to other state for all districts. Majority of the districts have shown a high retention probability in high income category, which is an indication of higher stability in the higher income levels. The districts Palakkad and Kollam have shown higher instability in high income category, whereas the districts Ernakulam and Thrissur have shown more stability in high income state. Most of the districts have shown a higher retention probability in lower income state which indicates that there is a need of giving much attention to these districts as it becomes structural threat for the upward movement of the districts to a better income state. The long-term distribution of income states has been expressed by the steady state probabilities indicated the polarisation towards low income state in agricultural income among the districts Malappuram, Alappuzha, Thiruvananthapuram and Wayanad. The unit root test has shown that majority of the district’s agricultural income converges among themselves, while the income of the districts Wayanad and Idukki have shown a diverging pattern from other districts. The income of seven districts out of 14 districts have shown a convergence towards state average, while the remaining seven districts expressed a diverging trend from state average. This will be a threat to the inclusive growth concept of the state and targeted policy intervention is needed to bring uniform development across the state. These findings can help policymakers develop region-specific agricultural strategies to reduce income inequality and promote balanced growth across the districts of Kerala.
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